Introduction
============

As one of the three common major malignant gynecological tumors, ovarian cancer does greater harm to women\'s health than cervical cancer and endometrial cancer ([@b1-ol-0-0-6527]) due to the difficult early diagnosis and low diagnosis rate. Clinical statistics show that ([@b2-ol-0-0-6527]) the pathogenic site of ovarian cancer is mainly located deep in the pelvis. So it is hard to detect the site of the lesion. Moreover, ovarian cancer has no significant clinical symptoms, and the lack of effective detection greatly contributed to the mortality associated with ovarian cancer in China that has an increasing trend in recent years ([@b3-ol-0-0-6527]) albeit the 5-year survival rate is maintained between 20 and 30% ([@b2-ol-0-0-6527]). So, the study on pathogenesis of ovarian cancer has become an important direction for treatment and diagnosis of ovarian cancer. In the 1950s, the nerve growth factor (NGF) was found for the first time, and its important role ([@b4-ol-0-0-6527]) not only in the nerve cell proliferation and function, but also in non-nerve cells was established. Study results showed that ([@b5-ol-0-0-6527]) the level of expression of NGF and its receptor had significant correlation with the proliferation, differentiation and migration of tumor cells in esophageal cancer and colon cancer ([@b6-ol-0-0-6527]). The detection of NGF in lesion tissue of colon cancer and normal colon tissue show that the quantity of expression of NGF and its receptor in colon cancer tissue is 57.3 times of that in normal colon tissue. Although NGF and its receptors cannot be used as the marker of malignant tumor ([@b7-ol-0-0-6527]), its abnormal expression in malignant tumor can significantly promote the abnormal proliferation of malignant tumor and cancer cells. Besides, it was reported that ([@b8-ol-0-0-6527]) NGF and its receptors can promote the spread of malignant melanoma, acute leukemia and pancreatic cancer cells in the body through blood circulation, in both paracrine and autocrine manner. But there is little study at present on the NGF and its receptors, onset and diagnosis of ovarian cancer. Herein, we studied the effect of NGF and its receptors on the onset and diagnosis of ovarian cancer for the first time to provide certain theoretical and experimental basis for the early diagnosis and treatment of ovarian cancer.

Patients and methods
====================

### Patient information

The study was conducted on 35 patients with ovarian tumor admitted in the First Affiliated Hospital of Nanchang University from July 2014 to July 2015. They were selected as the observation group (21 patients with benign ovarian tumor, with average age of 47.4±5.4 years and 14 patients with malignant ovarian tumor with an average age of 43.6±6.2 years) and 21 healthy women, selected as control group (their average age was 45.2±3.8 years). This study was approved by the Ethics Committee of the First Affiliated Hospital of Nanchang University. Signed written informed consents were obtained from all the participants before the study.

### Main reagents

RNA extraction kit (Takara Bio, Dalian, China), total zooblast protein extraction kit (Axygen, Beijing, China), Rabbitpolyclonal NGF antibody (dilution, 1:500; cat. no. ab6199), rabbit monoclonal TrkA antibody (dilution, 1:500; cat. no. ab76291), rabbit polyclonal p75NTR antibody (dilution, 1:500; cat. no. ab8874) and secondary goat anti-rabbit (HRP) IgG antibody (dilution, 1:2,000; cat. no. ab6721) were all purchased from Abcam (Cambridge, MA, USA), immunohistochemical kit (Axygen).

### Main instruments

Fluorescent microscope (ABM China Co., Ltd.), protein electrophoresis apparatus (Liuyi, Beijing, China), fluorescent microscope (Olympus Corp., Tokyo, Japan), multifunctional microplate reader (Bio-Rad, Berkeley, CA, USA).

### Methods

#### Fluorescent quantitative PCR

##### RNA extraction

In the experimental process, RNA in tissue samples of different study subjects was extracted using Takara RNA extraction kit. Tissue sample (0.5 g) was taken accurately and lysis buffer was added using a pipette. The RNA Plus was added for cell lysis, and centrifuged for 10 min at 800 × g at 4°C. The supernatant was added into the isometric chloroform, and the liquid was violently shaken, mixed and centrifuged for 5 min at 800 × g. The supernatant was then added into the isometric isoamyl alcohol, placed at room temperature for 5 min, and centrifuged for 15 min at 800 × g at 4°C. The supernatant was abandoned, washed using 75% absolute ethyl alcohol twice, placed at room temperature for 20 min. De-RNA enzyme sterile water was added after ethyl alcohol was volatilized; RNA concentration was detected and RNA integrity was verified ([@b9-ol-0-0-6527]).

##### Fluorescent quantitation

The total RNA extracted was used as the template, reversed to obtain cDNA, and then fluorescent quantitation was carried out in accordance with the specifications. The total volume was 10 µl. Primers are shown in [Table I](#tI-ol-0-0-6527){ref-type="table"}.

##### ELISA

The total protein extracted in the experiment was used as in study, and the total protein content in different samples was detected through Coomassie brilliant blue staining. There was 2.5 µg total protein in the process of ELISA (Keygen, Nanjing, China). Sample (100 µl) was placed into a 96-well plate, 35 µl detection liquid A was added, and incubated for 1 h at room temperature; detection liquid B was added, and incubated for 30 min at 37°C. The stop solution was added finally, and 475 nm absorbance was detected ([@b10-ol-0-0-6527]).

##### Western blotting

We used the zooblast protein extraction kit (Axygen) to extract the total protein in the sample (the concrete operation should be in accordance with the specification), and with improvements ([@b11-ol-0-0-6527]). Different study samples (0.5 mg) were taken accurately; after the total protein was extracted, the quantification was performed through Coomassie brilliant blue staining. The primary antibody in the experiment was used diluted 1:1,000.

##### Immunohistochemistry

The regular antibody incubation and staining for tissue samples in nerve cells and its receptor were conducted through the streptavidin peroxidase method. The standard immunohistochemical evaluation was as follows: The sample with membrane staining \<10% or that was negative after staining was considered as negative ([@b12-ol-0-0-6527]); the sample with only membrane staining or membrane staining \>10% was considered as positive.

##### Data processing

The results were analyzed, and the data are presented as mean ± standard deviation; SPSS 10.0 (SPSS, Inc., Chicago, IL, USA) was used for analysis; P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Expression quantity of mRNA in nerve cells and its receptor in the patients with ovarian cancer and healthy people

The total RNA extracted from different study samples was assessed ([Fig. 1A](#f1-ol-0-0-6527){ref-type="fig"}). Electrophoretogram showed that the RNA extracted was of good quality and no significant degradation was observed. Fluorescent quantitative PCR was used to detect the difference of expression quantity of NGF and its receptor in different samples, and the results are shown in [Fig. 1](#f1-ol-0-0-6527){ref-type="fig"}, indicating that compared with healthy women, the expression quantity of mRNA in NGF, TrkA and p75NTR gene in patients with ovarian cancer was significantly increased, and there was significant difference in the quantity of expression of mRNA in NGF, TrkA and p75NTR gene and healthy ovary (P\<0.05).

### Quantity of expression of mRNA in nerve cells and its receptor in patients with benign ovarian tumor and patients with malignant ovarian tumor

RNA extracted from the lesion tissue sample of patients with ovarian cancer in the observation group was studied. The difference in quantity of expression of mRNA in nerve cells and its receptor in patients with benign ovarian tumor and patients with malignant ovarian cancer was detected ([Fig. 2](#f2-ol-0-0-6527){ref-type="fig"}). The quantity of expression of mRNA in GF, TrkA and p75NTR gene in patients with benign ovarian cancer was significantly lower than that in patients with malignant ovarian cancer. This suggested correlation between the quantity of expression of mRNA in GF, TrkA and p75NTR gene and the severity of ovarian cancer.

### Protein expression quantity of nerve cells and its receptor in the patients with ovarian cancer and healthy women

The quantity of protein expression in NGF and its receptor in different samples was detected using ELISA, and the results are shown in [Fig. 3](#f3-ol-0-0-6527){ref-type="fig"}. The quantity of expression of NGF in healthy women (0.98±0.12 µg/l) was significantly lower than that in lesion tissue in patients with ovarian cancer (3.21±0.16 µg/l), and there were significant differences between them (P\<0.05). The quantity of expression of NGF receptor, TrkA and p75NTR, in healthy women (1.23±0.14 and 0.76±0.07 µg/l, respectively) was significantly lower than that in lesion tissue in patients with ovarian cancer (5.28±0.25 and 2.97±0.13 µg/l, respectively), and there were significant differences (P\<0.05).

The result was consistent with that of fluorescent quantitative PCR. This shows that the content of NGF, TrkA and p75NTR genes is different in healthy women and patients with ovarian cancer, which may be associated with ovarian cancer.

### The quantity of protein expression of nerve cells and its receptors in women with benign ovarian tumor and patients with malignant ovarian tumor

The protein extracted from the lesion tissue samples of patients with ovarian cancer in observation group was used, and the difference of protein expression quantity of NGF and its receptor in the patients with benign ovarian tumor and patients with malignant ovarian tumor was detected, and the results are shown in [Fig. 4](#f4-ol-0-0-6527){ref-type="fig"}. The quantity of protein expression of GF, TrkA and p75NTR gene in patients with benign ovarian tumor (3.08±0.14, 4.73±0.25 and 2.53±0.11 µg/l, respectively) was significantly lower than that in patients with malignant ovarian tumor (4.06±0.16, 6.73±0.18 and 3.29±0.15 µg/l, respectively). This suggests that there is a certain correlation between the quantity of protein expression of GF, TrkA and p75NTR gene and the severity of ovarian cancer.

### Detection of protein expression quantity of nerve cells and its receptor in different samples using western blot analysis

The total protein extracted from the healthy women, patients with benign ovarian tumor and patients with malignant ovarian tumor was assessed, and the difference of protein expression quantity of nerve cells and its receptor in the samples was detected using western blot analysis, and the results are shown in [Fig. 5](#f5-ol-0-0-6527){ref-type="fig"}. The quantity of protein expression of NGF, TrkA and p75NTR gene in patients with benign ovarian tumor and patients with malignant ovarian tumor was increased significantly compared with that in healthy women; and there were significant differences, which was consistent with the results of ELISA. It suggests that there is a certain correlation between the NGF and its receptor and the onset of ovarian cancer.

### Detection of the quantity of protein expression of nerve cells and its receptor in samples using immunohistochemistry

The distribution and expression of protein in NGF and its receptor in the samples ([Fig. 6](#f6-ol-0-0-6527){ref-type="fig"}) were detected using immunohistochemical method. Compared with healthy ovarian tissue, the quantity of expression of NGF and its receptor in patients with ovarian cancer was higher, and mainly located on the cell membrane surface. The result of positive cell count showed that ([Table II](#tII-ol-0-0-6527){ref-type="table"}) the number of positive cells in NGF, TrkA and p75NTR in normal ovarian tissue (8.75, 6.5 and 4.5%) was significantly lower than that in lesion tissue in patients with ovarian cancer (91.25, 93.5 and 95.5%, respectively). The result was consistent with that of fluorescent quantitative PCR and ELISA, suggesting that the NGF and its receptors are related to the onset of ovarian cancer.

Discussion
==========

The morbidity and mortality of ovarian cancer, as the main gynecological disease endangering women\'s health at present, has showed an increasing trend year by year in women in China. But the early diagnosis of ovarian cancer is difficult and there is no special drug treatment. So no significant improvement has been made in the treatment of patients with ovarian cancer in China in recent years. The study results show that ([@b13-ol-0-0-6527]) the onset of ovarian cancer is influenced not only by environmental factors, but also by genetic factors. For example, it is believed in most studies that the onset of ovarian cancer is related to many other factors, such as the body immune dysfunction, endocrine dyscrasia and diet. Studies have shown that ([@b14-ol-0-0-6527]) the NGF, as a kind of polypeptide hormone, mainly aims to promote the nerve cell proliferation and the transmission of substance and signal between nerve cells. The abnormal increase of quantity of expression of NGF in many tumors and cancers have been shown ([@b15-ol-0-0-6527]). For example, some studies have shown that ([@b16-ol-0-0-6527]) the expression quantity of NGF in colon cancer is 28 times of that in normal colon tissue. The statistical result of patients\' rehabilitation states after colon cancer surgery shows that the NGF and its receptor can affect the peripheral tumor cell proliferation and migration process in autocrine and paracrine manner suggesting that the NGF and its receptor may be associated with the late recovery of the tumor. Data showed that ([@b17-ol-0-0-6527]) the NGF receptors mainly include TrkA and p75NTR, among which NGF can be combined with TrkA in the early stage of tumor, thus promoting the abnormal increase of expression quantity of TrkA in tumor cells. Data showed that TrkA is considered to be the proto-oncogene expression product in human body, and further studies found that ([@b18-ol-0-0-6527]) TrkA can be involved in the expression of vascular endothelial growth factor; thus promoting the formation of tumor vessels. With the deepening of the study on NGF and TrkA, it has been found that the NGF receptor p75NTR can interact with TrkA in some cancers, such as cervical cancer, promoting the tumor cell proliferation and migration process. Only by combining with p75NTR can TrkA play its function. But in endometrial carcinoma, the individual TrkA can also play the role of NGF receptor. Therefore, no final conclusion has yet been reached on the relationship between NGF and its receptors ([@b19-ol-0-0-6527]). In our study, it was found that mRNA and protein content in NGF, TrkA and p75NTR genes in ovarian cancer tissue were significantly increased compared with those in normal ovarian tissue, and there were also differences in the expression quantity of NGF, TrkA and p75NTR between the benign ovarian tumor and malignant ovarian tumor. This suggests that NGF, TrkA and p75NTR play important roles in the progression of ovarian cancer, so they can act as the markers and diagnostic criteria of detecting ovarian cancer to some extent.
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Expression quantity of mRNA in nerve cells and its receptor in patients with ovarian cancer and healthy women. (A) RNA electrophoretogram; (B) relative expression quantity of nerve growth factor (NGF), TrkA and p75NTR gene in healthy tissue and ovarian cancer tissue. \*P\<0.05, difference between the two groups was significant.
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![Expression quantity of mRNA in nerve cells and its receptor in patients with benign ovarian tumor and patients with malignant ovarian tumor; \*P\<0.05, difference between the two groups was significant. NGF, nerve growth factor.](ol-14-03-2864-g02){#f2-ol-0-0-6527}

![Protein expression quantity of nerve cells and its receptor in the patients with ovarian cancer and healthy people; \*P\<0.05, difference between the two groups was significant. NGF, nerve growth factor.](ol-14-03-2864-g03){#f3-ol-0-0-6527}

![Protein expression quantity of nerve cells and its receptor in the patients with benign ovarian tumor and patients with malignant ovarian tumor; \*P\<0.05, difference between the two groups was significant. NGF, nerve growth factor.](ol-14-03-2864-g04){#f4-ol-0-0-6527}

![Detection of protein expression quantity of nerve cells and its receptor in different samples using western blot analysis. NGF, nerve growth factor.](ol-14-03-2864-g05){#f5-ol-0-0-6527}

![Detection of protein expression quantity of nerve cells and its receptor in different samples using immunohistochemistry. NGF, nerve growth factor.](ol-14-03-2864-g06){#f6-ol-0-0-6527}

###### 

Fluorescent quantitative PCR primers.

  Primer     Primer sequence
  ---------- ---------------------------
  NGF-F      CGTAGCTAGGATCGATGACTAG
  NGF-R      TAGCTAGGCGATAGACTGCGATGC
  TrkA-F     AGCTAGCGGCCTCGTAGCTAGC
  TrkA-R     CGTAGCGGCTAGATCGATCGC
  p75NTR-F   CGTCGTGCTGACAGCTAGCGCTC
  p75NTR-R   CGTAGTCGATCGATCGACCGTCG
  GAPDH-F    CGTCGTCGGGACAGCTAGCTGAG
  GAPDH-R    CGTAGTCGACAGCTGATCGCAGCTG

NGF, nerve growth factor; F, forward; R, reverse.

###### 

Positive cell count in NGF and its receptor in different tissue samples.

           Healthy women   Patients with ovarian cancer                  
  -------- --------------- ------------------------------ -------- ----- ---------
  NGF      400             35                               8.75   365     91.25
  TrkA     400             26                             6.5      374   93.5
  p75NTR   400             18                             4.5      382   95.5

NGF, nerve growth factor.
